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(57) ABSTRACT 

An integrated control module for a dual clutch transmission 
having an integrated shift actuator position sensor assembly 
that includes a valve body having a plurality of raised 
portions juxtaposed to each other With a plurality of shift 
actuator bores piston bores formed therein. A plurality of 
shift actuators are adapted to operatively move the synchro 
niZers of said transmission to affect gear changes, and 
include a plurality of shift actuator pistons slidingly dis 
posed Within the shift actuator bores. A hydraulic control 
assembly is adapted to control the operative hydraulic 
functions of the transmission. A transmission control assem 
bly in electrical communication With the hydraulic control 
assembly and With a higher level vehicle control system 
provides the requisite signals to control the hydraulic control 
assembly. A sensor assembly is also included that has a 
plurality of detecting elements ?xedly mounted to the raised 
portions of the valve body and a plurality of reference 
elements ?xedly mounted to each of the plurality of actuator 
pistons such that the detecting elements can sense the 
movement of the actuator pistons Within the actuator piston 
bores to determine the positions of the transmission syn 
chroniZers. 

26 34 

236 

C1 t h :00 jzezazi 
248 1st Clutch 

244 
252 254 

250 

248 

260 

90 240 

206 
. F 

92 208 

230 
222 7 
214 220 



Patent Application Publication Jan. 12, 2006 Sheet 1 0f 7 US 2006/0009326 A1 

Eigure 1 



Patent Application Publication Jan. 12, 2006 Sheet 2 0f 7 US 2006/0009326 Al 

N MkBNNHN 

L? no .lil 
mum 

p0mm . No 

__-______-| 

EN 

owu 

vmu awn viva @820 L 1. 3 

0mm 

yaw 0mm mma 

mum 

Su M 

mm 

3 8 

:3 m2 m2 ‘ 



Patent Application Publication Jan. 12, 2006 Sheet 3 0f 7 US 2006/0009326 A1 

3 QM? w. 
6 // @I Q v .él $.32, E, VI‘: @ u “Pg I \" J ,t it (a .t 

_ a, 1 

re3 

X Mn a t 4. 

- @ 1.: 

w : \vhw / V , 
. 

p u 



Patent Application Publication Jan. 12, 2006 

240 Q 
242 
316 
(244) 

316 

206 

314 

316 

330 

Sheet 4 0f 7 US 2006/0009326 A1 

322 

324 

310 s12 

\ 326 
316 . 

(246) 328 320 

316 

3 (172) 
0_@ 88 

0 450 0 376 
410 

0 346 452 
412 402 350 

402 
376 193 

y 402 348 192 
gg§ 

195 402 199 

0 338;, 334 
194 344 198 

336 340 406 

0 ‘376 197 332 _ 
196 ilgure 4 



Patent Application Publication Jan. 12, 2006 Sheet 5 0f 7 US 2006/0009326 A1 

240 242 



Patent Application Publication Jan. 12, 2006 Sheet 6 0f 7 US 2006/0009326 A1 

g 
r/\/344 

L402 

iigure 7 
332 402 



Patent Application Publication Jan. 12, 2006 Sheet 7 0f 7 US 2006/0009326 A1 

.J 
:5 

L193A 

193C 

436 a S 404C 

_ a (1: 
N 452 434-1 s 

iigure 11B 



US 2006/0009326 A1 

INTEGRATED CONTROL MODULE FOR USE IN A 
DUAL CLUTCH TRANSMISSION HAVING 

INTEGRATED SHIFT ACTUATOR POSITION 
SENSORS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates, generally to an inte 
grated control module for a dual clutch transmission and, 
more speci?cally, to an integrated control module used to 
control the operation of a dual clutch transmission as used in 
a motor vehicle having integrated shift actuator position 
sensors. 

[0003] 2. Description of the Related Art 

[0004] Generally speaking, land vehicles require a poW 
ertrain consisting of three basic components. These compo 
nents include a poWer plant (such as an internal combustion 
engine), a poWer transmission, and Wheels. The poWer 
transmission component is typically referred to simply as the 
“transmission.” Engine torque and speed are converted in 
the transmission in accordance With the tractive-poWer 
demand of the vehicle. Presently, there are tWo typical 
transmissions Widely available for use in conventional motor 
vehicles. The ?rst and oldest type is the manually operated 
transmission. These transmissions include a foot-operated 
start-up or launch clutch that engages and disengages the 
driveline With the poWer plant and a gearshift lever to 
selectively change the gear ratios Within the transmission. 
When driving a vehicle having a manual transmission, the 
driver must coordinate the operation of the clutch pedal, the 
gearshift lever, and the accelerator pedal to achieve a smooth 
and ef?cient shift from one gear to the neXt. The structure of 
a manual transmission is simple and robust and provides 
good fuel economy by having a direct poWer connection 
from the engine to the ?nal drive Wheels of the vehicle. 
Additionally, since the operator is given complete control 
over the timing of the shifts, the operator is able to dynami 
cally adjust the shifting process so that the vehicle can be 
driven most ef?ciently. One disadvantage of the manual 
transmission is that there is an interruption in the drive 
connection during gear shifting. This results in losses in 
ef?ciency. In addition, there is a great deal of physical 
interaction required on the part of the operator to shift gears 
in a vehicle that employs a manual transmission. 

[0005] The second and neWer choice for the transmission 
of poWer in a conventional motor vehicle is an automatic 
transmission. Automatic transmissions offer ease of opera 
tion. The driver of a vehicle having an automatic transmis 
sion is not required to use both hands, one for the steering 
Wheel and one for the gearshift, and both feet, one for the 
clutch and one for the accelerator and brake pedal in order 
to safely operate the vehicle. In addition, an automatic 
transmission provides greater convenience in stop and go 
situations, because the driver is not concerned about con 
tinuously shifting gears to adjust to the ever-changing speed 
of traf?c. Although conventional automatic transmissions 
avoid an interruption in the drive connection during gear 
shifting, they suffer from the disadvantage of reduced ef? 
ciency because of the need for hydrokinetic devices, such as 
torque converters, interposed betWeen the output of the 
engine and the input of the transmission for transferring 
kinetic energy therebetWeen. In addition, automatic trans 
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missions are typically more mechanically compleX and 
therefore more expensive than manual transmissions. 

[0006] For eXample, torque converters typically include 
impeller assemblies that are operatively connected for rota 
tion With the torque input from an internal combustion 
engine, a turbine assembly that is ?uidly connected in driven 
relationship With the impeller assembly and a stator or 
reactor assembly. These assemblies together form a substan 
tially toroidal ?oW passage for kinetic ?uid in the torque 
converter. Each assembly includes a plurality of blades or 
vanes that act to convert mechanical energy to hydrokinetic 
energy and back to mechanical energy. The stator assembly 
of a conventional torque converter is locked against rotation 
in one direction but is free to spin about an aXis in the 
direction of rotation of the impeller assembly and turbine 
assembly. When the stator assembly is locked against rota 
tion, the torque is multiplied by the torque converter. During 
torque multiplication, the output torque is greater than the 
input torque for the torque converter. HoWever, When there 
is no torque multiplication, the torque converter becomes a 
?uid coupling. Fluid couplings have inherent slip. Torque 
converter slip eXists When the speed ratio is less than 1.0 
(RPM input>than RPM output of the torque converter). The 
inherent slip reduces the ef?ciency of the torque converter. 

[0007] While torque converters provide a smooth coupling 
betWeen the engine and the transmission, the slippage of the 
torque converter results in a parasitic loss, thereby decreas 
ing the ef?ciency of the entire poWertrain. Further, the 
torque converter itself requires pressuriZed hydraulic ?uid in 
addition to any pressuriZed ?uid requirements for the actua 
tion of the gear shifting operations. This means that an 
automatic transmission must have a large capacity pump to 
provide the necessary hydraulic pressure for both converter 
engagement and shift changes. The poWer required to drive 
the pump and pressuriZe the ?uid introduces additional 
parasitic losses of efficiency in the automatic transmission. 

[0008] In an ongoing attempt to provide a vehicle trans 
mission that has the advantages of both types of transmis 
sions With feWer of the draWbacks, combinations of the 
traditional “manual” and “automatic” transmissions have 
evolved. Most recently, “automated” variants of conven 
tional manual transmissions have been developed Which 
shift automatically Without any input from the vehicle 
operator. Such automated manual transmissions typically 
include a plurality of poWer-operated actuators that are 
controlled by a transmission controller or some type of 
electronic control unit (ECU) to automatically shift synchro 
niZed clutches that control the engagement of meshed gear 
Wheels traditionally found in manual transmissions. The 
design variants have included either electrically or hydrau 
lically poWered actuators to affect the gear changes. HoW 
ever, even With the inherent improvements of these neWer 
automated transmissions, they still have the disadvantage of 
a poWer interruption in the drive connection betWeen the 
input shaft and the output shaft during sequential gear 
shifting. PoWer interrupted shifting results in a harsh shift 
feel that is generally considered to be unacceptable When 
compared to smooth shift feel associated With most conven 
tional automatic transmissions. 

[0009] To overcome this problem, other automated 
manual type transmissions have been developed that can be 
poWer-shifted to permit gearshifts to be made under load. 
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Examples of such poWer-shifted automated manual trans 
missions are shown in US. Pat. No. 5,711,409 issued on Jan. 
27, 1998 to Murata for a TWin-Clutch Type Transmission, 
and Us. Pat. No. 5,966,989 issued on Apr. 4, 2000 to Reed, 
Jr. et al for an Electro-mechanical Automatic Transmission 
having Dual Input Shafts. These particular types of auto 
mated manual transmissions have tWo clutches and are 
generally referred to simply as dual, or tWin, clutch trans 
missions. The dual clutch structure is most often coaxially 
and cooperatively con?gured to derive poWer input from a 
single engine ?yWheel arrangement. HoWever, some designs 
have a dual clutch assembly that is coaxial, but With the 
clutches located on opposite sides of the transmissions body 
and having different input sources. Regardless, the layout is 
the equivalent of having tWo transmissions in one housing, 
namely one poWer transmission assembly on each of tWo 
input shafts concomitantly driving one output shaft. Each 
transmission can be shifted and clutched independently. In 
this manner, uninterrupted poWer upshifting and doWnshift 
ing betWeen gears, along With the high mechanical ef?ciency 
of a manual transmission is available in an automatic 
transmission form. Thus, signi?cant increases in fuel 
economy and vehicle performance may be achieved through 
the effective use of certain automated manual transmissions. 

[0010] The dual clutch transmission structure may include 
tWo dry disc clutches each With their oWn clutch actuator to 
control the engagement and disengagement of the tWo 
clutch discs independently. While the clutch actuators may 
be of the electro-mechanical type, since a lubrication system 
Within the transmission requires a pump, some dual clutch 
transmissions utiliZe hydraulic shifting and clutch control. 
These pumps are most often gerotor types, and are much 
smaller than those used in conventional automatic transmis 
sions because they typically do not have to supply a torque 
converter. Thus, any parasitic losses are kept small. Shifts 
are accomplished by engaging the desired gear prior to a 
shift event and subsequently engaging the corresponding 
clutch. With tWo clutches and tWo inputs shafts, at certain 
times, the dual clutch transmission may be in tWo different 
gear ratios at once, but only one clutch Will be engaged and 
transmitting poWer at any given moment. To shift to the next 
higher gear, ?rst the desired gears on the input shaft of the 
non-driven clutch assembly are engaged, then the driven 
clutch is released and the non-driven clutch is engaged. 

[0011] This requires that the dual clutch transmission be 
con?gured to have the forWard gear ratios alternatingly 
arranged on their respective input shafts. In other Words, to 
perform up-shifts from ?rst to second gear, the ?rst and 
second gears must be on different input shafts. Therefore, the 
odd gears Will be associated With one input shaft and the 
even gears Will be associated With the other input shaft. In 
vieW of this convention, the input shafts are generally 
referred to as the odd and even shafts. Typically, the input 
shafts transfer the applied torque to a single counter shaft, 
Which includes mating gears to the input shaft gears. The 
mating gears of the counter shaft are in constant mesh With 
the gears on the input shafts. The counter shaft also includes 
an output gear that is meshingly engaged to a gear on the 
output shaft. Thus, the input torque from the engine is 
transferred from one of the clutches to an input shaft, 
through a gear set to the counter shaft and from the counter 
shaft to the output shaft. 
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[0012] Gear engagement in a dual clutch transmission is 
similar to that in a conventional manual transmission. One 
of the gears in each of the gear sets is disposed on its 
respective shaft in such a manner so that it can freeWheel 
about the shaft. AsynchroniZer is also disposed on the shaft 
next to the freeWheeling gear so that the synchroniZer can 
selectively engage the gear to the shaft. To automate the 
transmission, the mechanical selection of each of the gear 
sets is typically performed by some type of actuator that 
moves the synchroniZers. A reverse gear set includes a gear 
on one of the input shafts, a gear on the counter shaft, and 
an intermediate gear mounted on a separate counter shaft 
meshingly disposed betWeen the tWo so that reverse move 
ment of the output shaft may be achieved. 

[0013] While these poWer-shift dual clutch transmissions 
overcome several draWbacks associated With conventional 
transmissions and the neWer automated manual transmis 
sions, it has been found that controlling and regulating the 
automatically actuated dual clutch transmissions is a com 
plicated matter and that the desired vehicle occupant com 
fort goals are dif?cult to achieve. There are a large number 
of events to properly time and execute Within the transmis 
sion to achieve smooth and ef?cient operation, not only 
during the poWer-shifting events but also throughout the 
entire operating range of the transmission as Well. To this 
point, the control of the various components Within the dual 
clutch transmissions has been generally adequate, but still 
leaves room for improvement. More speci?cally, the current 
approaches to providing the physical control of the functions 
of the dual clutch transmissions remain similar to automatic 
manual transmissions, Which employ a large number of 
separate components both inside and outside of the trans 
mission case. The use of separate components to provide 
control over the shift actuation, clutch engagements, and 
cooling ?uid How of the dual clutch transmission is costly 
and inef?cient. There are particular manufacturing and 
assembly costs inherently involved With using the separate 
components. First, each of the separate components must be 
individually assembled throughout portions of the transmis 
sion. Second, the separate components necessitate the use of 
the separate hydraulic lines and electrical connections 
throughout the transmission to provide the proper commu 
nication betWeen the components. Therefore, there exists a 
need in the related art for a single integrated module that 
integrates all the previously separate components that are 
used to control the functions and operation of a dual clutch 
transmission. 

[0014] Furthermore, to sense and monitor the control 
functions of the dual clutch transmission, separate sensors 
are typically placed throughout the transmission to detect the 
movement of the various active components inside the 
transmission case. Conventional approaches regarding the 
placement and types of these separate sensors require that 
they be placed in very close proximity to the rotating shafts 
and in betWeen the moving gear sets. This makes them 
subject to the vibration, high temperatures, and ?oWing 
hydraulic ?uid of the immediate environment. This is par 
ticularly true of the sensors used to sense and monitor gear 
engagement, disengagement, and non-commanded drift of 
the synchroniZers that engage the gear sets. Also, sensors 
that are robust enough to Withstand this environment and 
provide a reasonable lifespan While producing accurate 
readings in this environment are generally more costly. 
Thus, a more cost effective and ef?cient means of sensing 
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and monitoring the gear movements of the dual clutch 
transmission is needed. More speci?cally, there remains a 
need in the art for a single device that is removed from the 
extreme environment of a close proximate location to the 
input shafts and gear sets. Therefore, there exists a need in 
the related art for an integrated sensor device that integrates 
the previously separate sensor components that are used to 
sense and monitor the control functions of the dual clutch 
transmission and that locates the sensing means at a distance 
from the transmission shafts and gears. 

[0015] Accordingly, there remains a need in the related art 
not only for a single integrated module integrates all the 
previously separate components that are used to control the 
functions and operation of a dual clutch transmission, but 
also for an integrated module that includes an integrated 
sensor device for sensing and monitoring the actions of the 
dual clutch transmission. 

SUMMARY OF THE INVENTION 

[0016] The disadvantages of the related art are overcome 
by an integrated control module for a dual clutch transmis 
sion having an integrated shift actuator position sensor 
assembly that includes a valve body having an inlet in ?uid 
communication With a source of pressuriZed hydraulic ?uid, 
a plurality of outlets, and a plurality of internal hydraulic 
passages disposed therebetWeen. The valve body further 
includes a plurality of raised portions juxtaposed to each 
other With a plurality of shift actuator bores piston bores 
formed therein. A plurality of shift actuators are adapted to 
operatively move the synchroniZers of said transmission to 
affect gear changes, and include a plurality of shift actuator 
pistons slidingly disposed Within the shift actuator bores. A 
hydraulic control assembly is mounted to the valve body and 
is adapted to operatively control the pressuriZed hydraulic 
?uid from the inlet through the plurality of internal hydraulic 
passages to the plurality of outlets to control the operative 
hydraulic functions of the transmission. A transmission 
control assembly is mounted to the valve body in electrical 
communication With the hydraulic control assembly and 
With a higher level vehicle control system. The transmission 
control assembly is adapted to be operatively responsive to 
the higher level control system to provide the requisite 
signals to control the hydraulic control assembly. A sensor 
assembly is also included that has a plurality of detecting 
elements ?xedly mounted to the raised portions of the valve 
body and a plurality of reference elements ?xedly mounted 
to each of the plurality of actuator pistons such that the 
detecting elements can sense the movement of the actuator 
pistons Within the actuator piston bores to determine the 
positions of the transmission synchroniZers. 

[0017] In this manner, the inef?ciencies and performance 
losses of the prior art systems through the use of separate 
and spaced hydraulic and electrical control and support 
components, and their requisite piping and electrical con 
nections are overcome by the present invention. Further 
more, the costs related to the assembly of individual and 
separate components is greatly reduced by the integrated 
control module. The Wiring harnesses for the integrated 
control module are also simpli?ed and cost less to produce 
than those of prior art systems. Additionally, the integration 
of a combined and centraliZed sensor assembly provides 
greater cost effectiveness and ef?ciency in manufacturing 
and assembly of the integrated control module, so that the 
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overall assembly of the dual clutch transmission becomes 
more ef?cient and cost effective With a greatly reduced 
assembly time. 

[0018] Other objects, features, and advantages of the 
present invention Will be readily appreciated, as the same 
becomes better understood after reading the subsequent 
description taken in connection With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a generaliZed schematic illustration of a 
dual clutch transmission that may be employed With the 
present invention; 

[0020] FIG. 2 is a schematic illustration of the electro 
hydraulic control circuit that may be employed With a dual 
clutch transmission of the type illustrated in FIG. 1; 

[0021] FIG. 3 is a perspective vieW of the module of the 
present invention for operatively controlling the functions of 
a dual clutch transmission; 

[0022] FIG. 4 is another perspective vieW of the module 
of the present invention for operatively controlling the 
functions of a dual clutch transmission; 

[0023] FIG. 5 is still another perspective vieW of the 
module of the present invention for operatively controlling 
the functions of a dual clutch transmission; 

[0024] FIG. 6 is a perspective vieW of the central raised 
portion of the valve body of the present invention including 
the detecting elements of the integrated sensor assembly; 

[0025] FIG. 7 is a perspective vieW of the central raised 
portion of the valve body of the present invention including 
an alternate arrangement for the detecting elements of the 
integrated sensor assembly; 

[0026] FIG. 8A is a perspective vieW of the one of the 
shift actuator pistons of the present invention including one 
of the reference elements of the integrated sensor assembly; 

[0027] FIG. 8B is a partial cross-sectional vieW of the one 
of the shift actuator piston of FIG. 8A; 

[0028] FIG. 9A is a perspective vieW of another embodi 
ment of the one of the shift actuator pistons of the present 
invention including one pair of the reference elements of the 
integrated sensor assembly; 

[0029] FIG. 9B is a partial cross-sectional vieW of the one 
of the shift actuator piston of FIG. 9A; 

[0030] FIG. 10A is a perspective vieW of another embodi 
ment of the one of the shift actuator pistons of the present 
invention including one of the reference elements of the 
integrated sensor assembly; 

[0031] FIG. 10B is a partial cross-sectional vieW of the 
one of the shift actuator piston of FIG. 10A; 

[0032] FIG. 11A is a perspective vieW of another embodi 
ment of the one of the shift actuator pistons of the present 
invention including one of the pairs of the reference ele 
ments of the integrated sensor assembly; and 

[0033] FIG. 11B is a partial cross-sectional vieW of the 
one of the shift actuator piston of FIG. 11A. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

[0034] A representative dual clutch transmission that may 
be controlled by the present invention is generally indicated 
at 10 in the schematic illustrated in FIG. 1. Speci?cally, as 
shoWn in FIG. 1, the dual clutch transmission 10 includes a 
dual, coaxial clutch assembly generally indicated at 12, a 
?rst input shaft, generally indicated at 14, a second input 
shaft, generally indicated at 16, that is coaxial to the ?rst, a 
counter shaft, generally indicated at 18, an output shaft 20, 
a reverse counter shaft 22, a plurality of synchroniZers, 
generally indicated at 24. 

[0035] The dual clutch transmission 10 forms a portion of 
a vehicle poWertrain and is responsible for taking a torque 
input from a prime mover, such as an internal combustion 
engine, and transmitting the torque through selectable gear 
ratios to the vehicle drive Wheels. The dual clutch transmis 
sion 10 operatively routes the applied torque from the engine 
through the dual, coaxial clutch assembly 12 to either the 
?rst input shaft 14 or the second input shaft 16. The input 
shafts 14 and 16 include a ?rst series of gears, Which are in 
constant mesh With a second series of gears disposed on the 
counter shaft 18. Each one of the ?rst series of gears 
interacts With one of the second series of gears to provide the 
different gear ratios sets used for transferring torque. The 
counter shaft 18 also includes a ?rst output gear that is in 
constant mesh With a second output gear disposed on the 
output shaft 20. The plurality of synchroniZers 24 are 
disposed on the tWo input shafts 14, 16 and on the counter 
shaft 18 and are operatively controlled by a plurality of shift 
actuators 26 (discussed in reference to FIG. 2 beloW) to 
selectively engage the gear ratio sets. Thus, torque is trans 
ferred from the engine to the dual, coaxial clutch assembly 
12, to one of the input shafts 14 or 16, to the counter shaft 
18 through one of the gear ratio sets, and to the output shaft 
20. The output shaft 20 further provides the output torque to 
the remainder of the poWertrain. Additionally, the reverse 
counter shaft 22 includes an intermediate gear that is dis 
posed betWeen one of the ?rst series of gears and one of the 
second series of gears, Which alloWs for a reverse rotation of 
the counter shaft 18 and the output shaft 20. Each of these 
components Will be discussed in greater detail beloW. 

[0036] Speci?cally, the dual, coaxial clutch assembly 12 
includes a ?rst clutch mechanism 32 and a second clutch 
mechanism 34. The ?rst clutch mechanism 32 is, in part, 
physically connected to a portion of the engine ?yWheel (not 
shoWn) and is, in part, physically attached to the ?rst input 
shaft 14, such that the ?rst clutch mechanism 32 can 
operatively and selectively engage or disengage the ?rst 
input shaft 14 to and from the ?yWheel. Similarly, the second 
clutch mechanism 34 is, in part, physically connected to a 
portion of the ?yWheel and is, in part, physically attached to 
the second input shaft 16, such that the second clutch 
mechanism 34 can operatively and selectively engage or 
disengage the second input shaft 16 to and from the ?y 
Wheel. As can be seen from FIG. 1, the ?rst and second 
clutch mechanisms 32, 34 are coaxial and co-centric such 
that the outer case 28 of the ?rst clutch mechanism 32 ?ts 
inside of the outer case 36 of the second clutch mechanism 
34. Similarly, the ?rst and second input shafts 14, 16 are also 
coaxial and co-centric such that the second input shaft 16 is 
holloW having an inside diameter sufficient to alloW the ?rst 
input shaft 14 to pass through and be partially supported by 
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the second input shaft 16. It should be appreciated that, 
although not illustrated herein, the ?rst and second clutch 
mechanisms 32, 34 and the ?rst and second input shafts 14, 
16 may be physically arranged Within the transmission in a 
parallel, rather than co-centric structure. 

[0037] The ?rst input shaft 14 includes a ?rst input gear 38 
and a third input gear 42. The ?rst input shaft 14 is longer 
in length than the second input shaft 16 so that the ?rst input 
gear 38 and a third input gear 42 are disposed on the portion 
of the ?rst input shaft 14 that extends beyond the second 
input shaft 16. The second input shaft 16 includes a second 
input gear 40, a fourth input gear 44, a sixth input gear 46, 
and a reverse input gear 48. As shoWn in FIG. 1, the second 
input gear 40 and the reverse input gear 48 are ?xedly 
supported on the second input shaft 16 and the fourth input 
gear 44 and sixth input gear 46 are rotatably supported about 
the second input shaft 16 upon bearing assemblies 50 so that 
their rotation is unrestrained unless the accompanying syn 
chroniZer is engaged, as Will be discussed in greater detail 
beloW. 

[0038] The counter shaft 18 is a single, one-piece shaft 
that includes the opposing, or counter, gears to those on the 
inputs shafts 14, 16. As shoWn in FIG. 1, the counter shaft 
18 includes a ?rst counter gear 52, a second counter gear 54, 
a third counter gear 56, a fourth counter gear 58, a sixth 
counter gear 60, and a reverse counter gear 62. The counter 
shaft 18 ?xedly retains the fourth counter gear 58 and sixth 
counter gear 60, While ?rst, second, third, and reverse 
counter gears 52, 54, 56, 62 are supported about the counter 
shaft 18 by bearing assemblies 50 so that their rotation is 
unrestrained unless the accompanying synchroniZer is 
engaged as Will be discussed in greater detail beloW. The 
counter shaft 18 also ?xedly retains a ?rst drive gear 64 that 
meshingly engages the corresponding second driven gear 66 
on the output shaft 20. The second driven gear 66 is ?xedly 
mounted on the output shaft 20. The output shaft 20 extends 
outWard from the transmission 10 to provide an attachment 
for the remainder of the poWertrain. 

[0039] The reverse counter shaft 22 is a relatively short 
shaft having a single reverse intermediate gear 72 that is 
disposed betWeen, and meshingly engaged With, the reverse 
input gear 48 on the second input shaft 16 and the reverse 
counter gear 62 on the counter shaft 18. Thus, When the 
reverse gears 48, 62, and 72 are engaged, the reverse 
intermediate gear 72 on the reverse counter shaft 22 causes 
the counter shaft 18 to turn in the opposite rotational 
direction from the forWard gears thereby providing a reverse 
rotation of the output shaft 20. It should be appreciated that 
all of the shafts of the dual clutch transmission 10 are 
disposed and rotationally secured Within the transmission 10 
by some manner of bearing assembly such as roller bearings, 
for example, shoWn at 68 in FIG. 1. 

[0040] The engagement and disengagement of the various 
forWard and reverse gears is accomplished by the actuation 
of the synchroniZers 24 Within the transmission. As shoWn 
in FIG. 1 in this example of a dual clutch transmission 10, 
there are four synchroniZers 74, 76, 78, and 80 that are 
utiliZed to shift through the six forWard gears and reverse. It 
should be appreciated that there are a variety of knoWn types 
of synchroniZers that are capable of engaging a gear to a 
shaft and that the particular type employed for the purposes 
of this discussion is beyond the scope of the present inven 
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tion. Generally speaking, any type of synchroniZer that is 
movable by a shift fork or like device may be employed. As 
shoWn in the representative example of FIG. 1, the syn 
chroniZers are tWo sided, dual actuated synchroniZers, such 
that they engage one gear to its respective shaft When moved 
off of a center neutraliZed position to the right and engage 
another gear to its respective shaft When moved to the left. 
Speci?cally With reference to the example illustrated in 
FIG. 1, synchroniZer 78 can be actuated to the left to engage 
the ?rst counter gear 52 on the counter shaft 18 or actuated 
to the right to engage the third counter gear 56. SynchroniZer 
80 can be actuated to the left to engage the reverse counter 
gear 62 or actuated to the right to engage the second counter 
gear 54. LikeWise, synchroniZer 74 can be actuated to the 
left to engage the fourth input gear 44 or actuated to the right 
to engage the sixth input gear 46. SynchroniZer 76 is 
actuated to the right to directly engage the end of the ?rst 
input shaft 14 to the output shaft 20 thereby providing a 
direct 1:1 (one to one) drive ratio for ?fth gear. There is no 
gear set to engage to the left of synchroniZer 76. It should be 
appreciated that this example of the dual clutch transmission 
is representative and that other gear set, synchroniZer, and 
shift actuator arrangements are possible Within the dual 
clutch transmission 10 as long as the even and odd gear sets 
are disposed on opposite input shafts. 

[0041] It should be further appreciated that the general 
operation of the dual clutch transmission 10 may be man 
aged by some type of higher-level control device such as an 
electronic control unit (ECU) that oversees the functioning 
of the operation of the vehicle. As Will be discussed beloW, 
the particular functions of the transmission itself are con 
trolled by a transmission control assembly (88 in FIGS. 4 
and 5) that may be responsive to the overall control of the 
higher-level control device. It should be further appreciated 
that the transmission may also be designed to take direct 
inputs from a variety of sources to control the functions of 
the transmission directly such that a cooperative interaction 
With other vehicle control devices is employed rather than a 
management subordination scheme under a higher-level 
control device 

[0042] The ?rst and second clutch mechanisms 32 and 34 
of the dual, coaxial clutch assembly 12 are operatively 
engaged and disengaged in a coordinated manner relative to 
the actuator of the various gear sets by the synchroniZer 24 
to selectively transfer torque to the output shaft 20. By Way 
of example, if torque is being transferred to the drive Wheels 
of the vehicle to initiate movement from a standing start, the 
loWest, or ?rst, gear ratio of the dual clutch transmission 10 
Will likely be engaged. Therefore, as seen in FIG. 1, 
synchroniZer 78 Will be driven to the left to engage the ?rst 
counter gear 52 to the counter shaft 18 and the ?rst clutch 
mechanism 32 Will be engaged to transfer torque from the 
engine to the output shaft 20 through the ?rst gear set. When 
vehicle speed increases and it is determined that the condi 
tions require a shift to the second gear set, synchroniZer 80 
Will ?rst be driven to the right to engage the second counter 
gear 54 to the counter shaft 18. Then the second clutch 
mechanism 34 Will be engaged as the ?rst clutch mechanism 
32 is disengaged. In this manner, a poWershift, Where no 
poWer interruption occurs, is affected. Additionally, While 
engaged and driving a particular gear, the ?rst and second 
clutch mechanisms 32 and 34 are controlled by certain 
stored routines that provide varying amounts of engagement 
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force to the clutch discs and thereby operatively control the 
amount of torque transferred across the clutches. 

[0043] Thus, it can be readily seen that a number of 
control assemblies or systems must be in place to control the 
operation of the dual clutch transmission. Furthermore, since 
the clutch mechanisms, gear sets, and other mechanical 
portions of the transmission are cooled and lubricated by the 
hydraulic ?uid contained Within the transmission, there must 
be a control assembly or system for these purposes as Well. 
As an example, FIG. 2 schematically illustrates a typical 
electro-hydraulic circuit, Which has the requisite control 
assemblies and systems that may be employed With the dual 
clutch transmission 10 described above and With the present 
invention. 

[0044] To produce a How of pressuriZed hydraulic ?uid, 
Which is used as the hydraulic actuation and motive force for 
the transmission control assemblies and systems, and Which 
is also used as the lubrication and cooling media Within the 
transmission, a transmission pump and associated regulating 
circuit are required. As shoWn in FIG. 2, this example of a 
dual clutch transmission hydraulic circuit is of a Wet-sump 
type, meaning that the bulk of the hydraulic ?uid is main 
tained in and draWn from a pan or sump 90. The sump 
symbol is used With the various hydraulic circuits illustrated 
in FIG. 2 to indicate that a return path from the particular 
portion of the circuit is provided back to the sump 90. A 
pump 94 is used to provide positive pressure to the cooling 
?uid as it is draWn from the sump 90 through a ?lter 92. The 
?lter symbol is also used throughout FIG. 2 to indicate that 
the particular hydraulic path includes a like ?ltering device. 
It should be appreciated that the ?lter 92 may be one singular 
?lter, or a plurality of individual ?lters for each path, or 
some combination of both. 

[0045] The pump output charges a main pressure line 98 
that feeds the various components and hydraulic circuits 
throughout the transmission 10. This pressure output from 
the pump 94 is typically referred to as “line” pressure. A 
pump pressure relief valve 100 is operatively connected in 
?uid communication With the main pressure line 98 to 
provide a maximum upper limit for the positive pressure 
provided by the pump 94. The pressure relief valve 100 is 
moved to its closed position, as shoWn in FIG. 2, by a 
biasing member 102. The biasing member 102 has a pre 
determined spring force that corresponds to the desired 
maximum system pressure. In the advent that the pressure in 
the main pressure line 98 exceeds the pre-determined maxi 
mum, the excessive pressure, as applied to the right side of 
the valve, Will move the valve member 104 of the pressure 
relief valve 100 to the left, overcoming the spring force of 
biasing member 102. In this manner, the previously blocked 
relief passage 106 is opened to the sump 90 alloWing the 
excessive pressure to bleed off and dropping the pressure in 
the main pressure line 98 until the biasing member 102 can 
force the valve member 104 of the relief valve 100 back to 
its closed position. Thus, the pump 94 provides “line” 
pressure to a maximum value as set by the operation of the 
relief valve 100. 

[0046] One of the operative systems that the main pressure 
line 98 feeds is the clutch cooling ?uid control assembly 
generally indicated at 108. It should be appreciated that the 
cooling ?uid control assembly 108 may be structured in a 
variety of Ways. HoWever, for the purpose of this example, 
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the dual clutch transmission 10 shown herein employs a 
clutch cooling pressure regulator 110, a line pressure VBS 
(variable bleed solenoid) 130, a cooling unit 140, a clutch 
cooling ?oW regulator 150, and a cooling ?uid VBS 170. 
The clutch cooling pressure regulator 110 maintains the 
pressure supplied from the main pressure line 98 at a 
pre-determined operating pressure, or setpoint. The clutch 
cooling pressure regulator 110 is shoWn in FIG. 2 in its 
closed position and includes a biasing member 112 and a 
main valve member 114. The main valve member 114 has 
internal ?oW passages, Which are separated into left 118, 
middle 120, and right 122 portions as illustrated in this 
?gure. 

[0047] The hydraulic pressure and ?oW in the main pres 
sure line 98 is supplied to the right side of the valve member 
114 through a ?oW restrictor 124 that reduces the ?oW 
volume but maintains the applied pressure. With the pump 
94 operating, the pressure delivered to the right side of the 
valve member 114 overcomes the spring force of the biasing 
member 112 and moves the valve member 114 to the right 
from the closed left position 118 to the middle operable 
position 120. Here, the internal ?oW passages of the middle 
operable position 120 alloW the ?oW of cooling ?uid from 
the main pressure line 98 to ?oW into the regulated line 116. 
A regulating control line 126, shoWn as a dotted line, 
provides a controllable biasing force to the left side of the 
clutch cooling ?uid regulator 110. The regulating control 
line 126 delivers a portion of the pressure from the main 
pressure line 98 to the left side of the regulator 110 under the 
control of the line pressure VBS 130. 

[0048] The line pressure VBS 130 is electrically operated 
by the transmission control assembly 88 (FIG. 3) and 
supplies a varying portion of the available line pressure 
through the regulating line 126 to the clutch cooling pressure 
regulator 110 by bleeding off some portion of the line 
pressure as supplied through ?oW restrictors 132 and ?lter 
92 to the sump 90. In this manner, the line pressure VBS 130 
selectively and operatively sets the desired cooling ?uid 
pressure setpoint for the clutch cooling pressure regulator 
110. The line pressure VBS 130 varies the pressure in the 
regulating line 126 to maintain the cooling ?uid output 
pressure delivered from the clutch cooling pressure regulator 
110 about the desired output pressure setpoint While 
accounting for ?uctuations in the output pressure due to 
doWnstream pressure changes. 

[0049] The clutch cooling pressure regulator 110 also 
provides control over rapid increases, or surges, in the main 
pressure line 98 that eXceeds the immediate correction 
ability of the line pressure VBS 130. The right valve position 
122 of the valve member 114 opens an additional ?oW 
passage that not only alloWs for the continued ?oW of ?uid 
through the pressure regulator 110 to the regulated line 116, 
but also alloW a portion of the increased ?oW to pass to the 
suction line 138. The suction line 138 normally remains 
closed off by the left and middle valve portions 118, 120 
respectively of the valve member 114. HoWever, When a 
sharp or rapid increase of pressure in the main pressure line 
98 drives the valve member 114 all the Way to the left, a 
corrective portion of the ?oW is fed back to the suction side 
of the pump 94. As the suction line 138 bleeds off the surge 
of excessive pressure ?oW, the regulator valve member 114 
moves back to the middle operative valve position 120. 
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[0050] The regulated hydraulic ?oW from line 116 out of 
the clutch cooling pressure regulator 110 feeds the cooling 
unit 140 and the clutch cooling ?oW regulator 150. The 
cooling unit 140 may be of any type of ?uid cooler designed 
to dissipate heat and reduce the temperature of the ?uid 
returned to the sump. The cooling unit 140 may include, but 
is not limited to, a heat eXchanger of the ?uid-to-air type as 
is commonly knoWn in the art. It should be appreciated that 
if the cooling unit 140 is of a ?uid-to-air type it Will be 
mounted outside of the transmission case With hydraulic 
lines 142 and 144 providing the appropriate routing. The 
clutch cooling pressure regulator 110 and the clutch cooling 
?oW regulator 150 are substantially similar. The clutch 
cooling ?oW regulator 150 includes a biasing member 152 
and a main valve member 154. The main valve member 154 
has internal ?oW passages, Which are separated into left 156, 
middle 158, and right 160 valve portions (as illustrated). 
[0051] The regulator control line 162 (shoWn as a dotted 
line) provides an actuating force to the right side of the 
clutch cooling ?oW regulator 150. The regulator control line 
162 delivers a portion of the pressure from the main pressure 
line 98 under the control of the cooling ?uid VBS 170 to the 
right side of the valve member 154. The cooling ?uid VBS 
170 is electrically operated by the transmission control 
assembly 88 (FIG. 3) to control the delivery of cooling ?uid 
to the clutches 32, 34 through the cooing ?uid supply line 
172 by regulating the cooling ?uid ?oW through the clutch 
cooling ?oW regulator 150. The cooling ?uid VBS 170 
supplies a variable portion of the available line pressure 
through the regulator control line 162 to the right side of the 
clutch cooling ?oW regulator 150 by operatively bleeding off 
some portion of the line pressure applied to the right side of 
the valve member 154 to the sump 90. The pressure supplied 
to the right side of the clutch cooling ?oW regulator 150 
moves the valve member 154 to the left. Under clutch loW 
load or loW stress conditions, the cooling ?uid VBS 170 
causes the clutch cooling ?oW regulator 150 to provide a 
regulated supply of pressuriZed cooling ?uid from the cool 
ing unit 140 as the primary cooling source through the 
middle valve section 158 of valve member 154. Under 
clutch high stress or heavy load conditions, the cooling ?uid 
VBS 170 causes the clutch cooling ?oW regulator 150 to 
provide a regulated supply of cooling ?uid from the cooling 
unit 140 as the primary cooing source and additionally 
provide cooling ?uid directly from the pump 94 through the 
right valve section 160. The determination of When the 
cooling ?uid VBS 170 causes the clutch cooling ?oW 
regulator 150 to provide pressuriZed cooling ?uid from 
either the middle or right valve section 158, 160 of the valve 
member 154 is predetermined and under the control of the 
transmission control assembly. 

[0052] A biasing pressure taken from the output line 144 
of the cooling unit 140 is applied to the left side of the valve 
member 154 through a restrictor 164 to supplement the 
biasing force of the biasing member 152. This assists the 
biasing member 152 in returning the valve member 154 to 
the closed position When the applied controlling pressure 
through the regulator control line 162 is removed or drops. 
It should be noted that line 144 from the cooling unit 140 
also provides a portion of the pressuriZed ?uid to other parts 
of the dual clutch transmission 10 for lubrication or other 
needs, as indicated by 166. It should be appreciated that 
other routing arrangements for the cooling unit 140 may also 
be employed. For eXample, the input pressure to the cooling 
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unit 140 may be separately regulated from the line pressure, 
or the input pressure to the clutch cooling ?oW regulator 150 
may be uncontrolled line pressure. 

[0053] Depending on the physical structure and particular 
operative design considerations of the dual clutch transmis 
sion, the hydraulic circuit employed to control and support 
it may also include a second clutch cooling ?uid regulator 
and a second control actuator. Generally speaking, only a 
single cooling ?uid supply is provided to a co-centric dual 
clutch arrangement as discussed With reference to FIG. 1. 
HoWever, if a dual clutch transmission having a parallel 
clutch arrangement is employed, tWo separate clutch cooling 
?oW regulators may be used to separately control the ?oW of 
cooling ?uid. 

[0054] With continuing reference to FIG. 2, to control the 
operation of the synchroniZers 24 (FIG. 1) and operatively 
shift the gear sets in and out of engagement, hydraulic shift 
actuators generally indicated at 26 are employed to either 
move the synchroniZers left or right into gear engagements 
or to neutraliZe (center) the synchroniZers 24. The applica 
tion of hydraulic pressure to the shift actuators 26 is opera 
tively controlled by actuator solenoid valves, generally 
indicated at 180. In FIG. 2, the shift actuators 26 are 
illustrated in the neutral position and the actuator solenoid 
valves 180 are illustrated in the de-energiZed position. Shift 
forks are schematically illustrated and generally indicated at 
96. Speci?cally, they are shoWn as arroWs 93, 95, 97, and 99 
extending from the shift actuators 26. The shift forks 96 Will 
be discussed in greater detail beloW. For clarity, the syn 
chroniZers 24 are not illustrated in FIG. 2. Each of the shift 
actuators 26 is a dual hydraulic assembly operatively mov 
ing a tWo-sided synchroniZer 24 to engage their respective 
gear sets. 

[0055] As shoWn in FIG. 2 With respect to the example of 
a dual clutch transmission 10 of FIG. 1, there are four 
actuator solenoid valves 182, 184, 186, and 188 that control 
the four shift actuators 192, 194, 196, and 198. As Will be 
discussed beloW, the shift actuators further include slidable 
actuator pistons 193, 195, 197, and 199 respectively, Which 
operatively move (left or right, as illustrated) to cause the 
shift forks 96, and thereby the synchroniZers 24 to move in 
a like manner. Thus, the actuator solenoid valves 180 must 
provide pressure to both sides of each shift actuator 26 to 
cause the shift actuators 26 to selectively move and engage 
the synchroniZers 24 to a speci?c gear set. To this end, the 
actuator solenoid valves 180 are also multiplexed (i.e., used 
for more than one operation) through the use of a multiplex 
valve 204. The multiplex valve 204 is controlled by a 
multiplex solenoid valve 206. The multiplex valve 204 is 
illustrated in its deactivated position, but When the multiplex 
solenoid valve 206 applies hydraulic pressure through line 
202 to activate the multiplex valve 204, the multiplex valve 
204 moves to the left (as illustrated in FIG. 2) to its activated 
position. Through the use of the multiplex valve 204, each 
actuator solenoid 180 provides the hydraulic pressure for 
tWo shift movements. The actuator solenoid valves 180 and 
the multiplex solenoid valve 206 are electrically controlled 
by the transmission control assembly 88 (FIG. 3) through 
the application and interruption of a voltage to the coil 
assemblies 208 of the individual solenoids. The actuator 
solenoid valves 180 and the multiplex solenoid valve 206 
have biasing members 210 that return them to their normally 
closed position When de-energiZed, as shoWn in FIG. 2. 
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[0056] To operate the actuator solenoid valves 180 in the 
example illustrated in FIG. 2, the folloWing events must 
occur. When it ?rst gear is to be engaged, there is a direct 
path from the actuator solenoid 186 through the multiplex 
valve 204 to alloW actuator solenoid 186 to pressuriZe the 
left side of shift actuator 198. Then energiZing actuator 
solenoid 198 to pressuriZe the left side of shift actuator 198 
causes it to move the appropriate shift fork 96 and synchro 
niZer 24 to the right (as illustrated) into ?rst gear engage 
ment. When engaging second gear, the multiplex solenoid 
valve 206 must be energiZed ?rst to alloW the multiplex 
valve 204 to move to the left to open a hydraulic path for 
actuator solenoid 182 to pressuriZe the right side of shift 
actuator 194 causing shift actuator 194 to move to the left so 
that the shifter fork 95 moves the appropriate synchroniZer 
into second gear engagement. If the vehicle continues to 
accelerate, once the shift to second is completed, ?rst gear 
Will be disengaged and neutraliZed. To disengage ?rst gear, 
the multiplex valve 204 is de-energiZed so that actuator 
solenoid 188 can pressuriZe the right side of shift actuator 
198. PressuriZing the right side of shift actuator 198 Will 
cause it to move to the left so that the shifter fork 99 moves 
the synchroniZer out of ?rst gear engagement to the neutral 
position. It should be appreciated that the disengagement of 
the synchroniZers 24 and thus the neutraliZation of an 
engaged gear set is accomplished by actuating the opposing 
side of the respective shift actuator 26. This opposing, 
neutraliZing actuation of the shift actuator 26 is only to the 
point of moving the shift fork 96 and respective synchro 
niZer to the neutral and disengaged position Without con 
tinuing the actuation to a full engagement of the opposing 
gear set. HoWever, it should be further appreciated that this 
action is often required and in this particular example, due 
to the structure of the dual clutch transmission and hydraulic 
control circuit, the neutraliZing action of ?rst gear Will be 
continued to move shift actuator 198 fully left into third gear 
engagement When necessary. 

[0057] Therefore, in the representative example illustrated 
in FIG. 2, through the use of the multiplex valve 204, 
actuator solenoid 182 controls the shifts into either sixth or 
second gear, as Well as the neutraliZation of fourth or 
reverse. Actuator solenoid 184 controls the shifts into fourth 
or reverse gear, as Well as the neutraliZation of sixth or 

second. Actuator solenoid 186 controls the shifts into ?rst 
gear, as Well as the neutraliZation of third or ?fth. Actuator 
solenoid 188 controls the shifts into third or ?fth gear, as 
Well as the neutraliZation of ?rst. Since this representative 
example of a six-speed dual clutch transmission With reverse 
only requires seven shifting actions, actuator solenoid 188 
only has to neutraliZe one gear set and actuator solenoid 186 
only has to engage one gear set. It should be appreciated that 
the arrangement of the gear sets, the synchroniZers, and the 
shift actuators Within the dual clutch transmission may be 
application driven such that any relative arrangement of 
these components is possible as long as the even gear sets 
are on one axis (input shaft) and the odd gear sets are on the 
other axis (input shaft). 
[0058] To accomplish the shift engagements, hydraulic 
pressure is provided to the actuator solenoid valves 180 by 
tWo actuator regulator valves 212 and 214. Actuator regu 
lator valve 212 is controlled by actuator pressure VBS 216 
and actuator regulator valve 214 is controlled by actuator 
pressure VBS 218. Each actuator regulator valve 212, 214 
includes a valve member 220 slidingly disposed in a valve 
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body 222. The actuator regulator valves 212 and 214 further 
include a bias spring 224 that causes the valve member 220 
to be normally closed to the left as illustrated. The actuator 
pressure VBS 216, 218 supplies a variable portion of the 
available line pressure through the regulator control line 226 
and restrictors 228 to the right side of the valve member 220 
by operatively bleeding off some portion of the line pressure 
to the sump 90. Self-actuating return valves 230 are used in 
the regulator control lines 226 to act as dampers. The 
pressure supplied to the right side of the actuator regulator 
valves 212 and 214 from the actuator pressure VBS 216, 218 
moves the valve members 230 to the left as illustrated. This 
causes the valves members 230 to open and regulate the line 
pressure and ?oW supplied to charge lines 154 of the 
actuator solenoids 182, 184, 186, and 188. The regulator 
valves 212, 214 have feed back lines 232 With restrictors 234 
to assist the bias spring 224 in in?uencing the left side of the 
valve member 220. 

[0059] As shoWn in FIG. 2, the ?rst and second clutch 
mechanisms 32 and 34 of the dual, coaXial clutch assembly 
12 (FIG. 1) are actuated by a clutch actuation control 
assembly generally indicated at 236. The clutch actuation 
control assembly 236 includes ?rst and second clutch actua 
tor solenoid valves, generally indicated at 240 and 242, 
respectively. The clutch actuator solenoid valves 240 and 
242 are in ?uid communication With, and supply hydraulic 
pressure to, the clutch mechanisms 32 and 34 through clutch 
pressure lines 244 and 246 respectively. Each of the clutch 
actuator solenoid valves 240 and 242 has a selectively 
movable valve member 248 disposed Within a valve body 
250 that has internal hydraulic ?oW passages 252 and 254. 
The clutch actuator solenoid valves 240 and 242 also have 
external hydraulic feedback passages 256, Which feed both 
sides of the valve member 248 on differential areas. The 
feedback to the left side of the valve member has a restrictor 
258 installed to dampen the closing bias force a predeter 
mined amount. A solenoid 260 selectively drives the valve 
member 248 operatively from its de-energiZed position 
biased to the left as illustrated in FIG. 2 to its energiZed 
position Which alloWs the ?oW of pressuriZed hydraulic ?uid 
to ?oW through internal passages 254 out the clutch pressure 
line 244, 246 to the clutch 32,34. 

[0060] The clutch actuator solenoid valves 240 and 242 
are current controlled, variable regulating valves such that a 
given control current applied to solenoids 260 Will result in 
a particular pressure output in the clutch pressure lines 244, 
246. The internal passages 252 of clutch actuator solenoid 
valves 240 and 242 send residual pressure from the clutch 
pressure lines 244 and 246 back to the sump 90 When the 
solenoid is de-energiZed. Additionally, return valves 262 are 
used as dampers. 

[0061] As previously discussed, to date, these various 
electrically actuated, hydraulically-controlled, control and 
support systems for the dual clutch transmission have gen 
erally been separate, individual components physically 
spaced from one another requiring separate hydraulic lines 
and ?ttings to provide ?uid communication. As shoWn in 
FIGS. 3-5, the present invention is an integrated control 
module for a dual clutch transmission that incorporates the 
necessary electrical and electro-hydraulic control and sup 
port elements together. The module of the present invention 
is generally indicated at 310 in FIG. 3 Where like numbers 
indicate like structure throughout the illustrations. The mod 
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ule 310 includes a valve body 312, having an inlet 314 
(FIGS. 4 and 5) and a plurality of outlets 316 With a 
plurality of internal hydraulic passages disposed therebe 
tWeen. The valve body 312 is generally rectangular in shape 
having a front face 318 and a rear face 320. 

[0062] The inlet 314 is in ?uid communication With a 
source of pressuriZed hydraulic ?uid, such as the pump 94 
Which may be driven in some manner though a poWer 
take-off from the vehicle engine, or from an input to the 
transmission (not shoWn). More speci?cally, line pressure is 
delivered from the pump 94 (FIG. 2) and presented to the 
module 310 at its inlet 314 (FIGS. 4 and 5). The inlet 314 
is a hydraulic continuation of the line pressure path 98 from 
the pump 94 through the various internal passages of the 
valve body 312. It should be appreciated that the pump 
pressure relief valve 100 (FIG. 2) may be incorporated on 
the valve body 312 or may simply be an inherent portion of 
the structure of the pump 94. In the preferred embodiment 
illustrated herein, the pressure relief valve 100 is incorpo 
rated in the pump 94 and the inlet 314 receives pressuriZed 
hydraulic ?uid from line 98. 

[0063] It should be further appreciated that the internal 
passages formed Within the valve body 312 of the present 
invention create the hydraulic lines or paths discussed above 
in reference to FIG. 2 and eliminate the need for separate 
hydraulic lines and ?ttings betWeen the actuators, regulators, 
and control solenoids of the transmission. In this regard, the 
plurality of outlets 316 in the valve body 312 feed only a 
minimum number of outgoing hydraulic lines. The plurality 
of outlets 316 are connected to hydraulic lines 142, 144, 166, 
172, 244, and 246 as shoWn in FIG. 2. More speci?cally, 
these hydraulic lines run to and from the cooling unit 140 
(through lines 142, 144), to various lubrication points Within 
the transmission (through line 166), to the clutches for 
cooling (through line 172), and to the clutches for engage 
ment/disengagement (through lines 244, 246). 

[0064] Furthermore, the valve body 312 is constructed of 
any of a variety of rigid materials capable of being formed 
to provide internal hydraulic passages, retain treaded fas 
teners, and Withstand the environment Within the case of a 
dual clutch transmission. In the preferred embodiment, the 
valve body 312 is formed of tWo halves. As illustrated in 
FIGS. 3-5, the front half 322 includes the front face 318 and 
an inner surface 324, and the rear half 326 includes the rear 
face 320 and an inner surface 328. It should be appreciated 
that the terms front and rear used herein in reference to the 
valve body 312 are relative only for the purposes of descrip 
tion and not indicative of their orientation When installed in 
the transmission. Thus, the internal passages are of the valve 
body 312 are formed on the inner surfaces 324 and 328 then 
the halves are joined and sealed together. In should be 
further appreciated that the valve body 312 may also by 
formed of a single monolithic piece and the internal pas 
sages formed in various manners such as boring and plug 
ging. 

[0065] Further, the valve body 312 is formed on its front 
face 318 to accept and receive any number of the requisite 
hydraulic control assemblies previously discussed With 
respect to FIG. 2 such that the hydraulic control assemblies 
are inserted into portions of the internal passages of the 
valve body 312. More speci?cally, the hydraulic control 
assemblies are mounted to the valve body 312 such their 
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respective valve members (discussed above) communicate 
With and control portions of the hydraulic ?oW Within the 
internal passages of the valve body 312. In other Words, a 
hydraulic control assembly is mounted to the valve body 312 
such that the hydraulic control assembly is adapted to 
operatively control the pressuriZed hydraulic ?uid from the 
inlet 314 through the plurality of internal hydraulic passages 
to the plurality of outlets 316. The hydraulic control assem 
blies are retained to the valve body 312 by any manner of 
knoWn fastening means such as threaded fasteners (not 

shoWn). 
[0066] As discussed in regard to FIG. 2, the hydraulic 
control assembly that may be mounted to the valve body 312 
includes at least one assembly from a group of assemblies 
that include: 1) a shift actuation control assembly 180 
having a series of actuators 26 that are adapted to actuate the 
synchroniZers 24 of the transmission, 2) a clutch actuation 
control assembly 236 having clutch actuators 240, 242 for 
each clutch 32, 34 that are adapted to alloW the selective and 
independent engagement and disengagement of each clutch, 
and 3) a clutch cooling ?uid control assembly 108 adapted 
to control the cooling ?uid provided to the clutches of the 
transmission. Additionally, the module 310 of the present 
invention may include any tWo of the above assemblies from 
the group. In the preferred embodiment, as Will be discussed 
beloW; the present invention includes all three assemblies of 
the group. 

[0067] The present invention also includes a transmission 
control assembly 88 that is a sealed electronic control 
device, Which is mounted to the rear face 320 of the valve 
body 312 in electrical communication With the hydraulic 
control assembly, or assemblies, and With a higher level 
vehicle control system. The transmission control assembly 
88 is adapted to be operatively responsive to the higher level 
control system to provide the requisite control signals to the 
hydraulic control assembly, or assemblies, to control the 
operative functions of the dual clutch transmission. It should 
be appreciated that a Wiring harness is employed that 
electrically connects the transmission control assembly 88 
With electrical connection points found on the various 
hydraulic control assemblies that are located on the front 
face 318 of the module 310 of the present invention and 
Which additionally provides electrical communication With 
other parts and components of the vehicle. 

[0068] In regard to the hydraulic control assemblies and 
referring to FIG. 3, as previously discussed the present 
invention includes a shift actuation control assembly 180 
includes the four actuator solenoid valves 182, 184, 186, and 
188 that control the four shift actuators 192, 194, 196, and 
198, the multiplex valve 204, and the multiplex solenoid 
valve 206. The four actuator solenoid valves 182, 184, 186, 
and 188 that control the shift actuators 26 are mounted in the 
front face 322 of the front half 322 of the valve body 312 in 
such a manner as to selectively direct the ?oW of hydraulic 
?uid through internal hydraulic passages and the multiplex 
valve 204 to operatively control the shift actuators 26. The 
solenoid coils 208 of each of the actuator solenoid valves is 
selectively activated by the transmission control assembly 
88 as previously discussed to cause the shift actuators 26 to 
engage and disengage their respective gear sets. 

[0069] The tWo actuator regulator valves 212 and 214 that 
supply and regulate the hydraulic pressure to the actuator 
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solenoid valves, as previously discussed, are mounted Within 
the front half 322 of the valve body 312, so that they are 
encapsulated by the front and rear halves 322 and 326 of the 
valve body When assembled. The actuator pressure VBS 216 
and actuator pressure VBS 218 are mounted in the front face 
318 of the front half 322 of the valve body 312 in such a 
manner as to selectively control the actuator regulator valves 
212, 214 to direct the ?oW of hydraulic ?uid through internal 
hydraulic passages to the actuator solenoid valves 182, 184, 
186, and 188. The self-actuating return valves 230 used for 
damping the regulator control lines 226 are also mounted 
Within the front half 322 of the valve body 312. 

[0070] With continued reference to FIG. 3, the multiplex 
valve 204 is also mounted Within the front half 322 of the 
valve body 312 similar to the actuator regulator valves 212, 
214 so that it is encapsulated by the front and rear halves 322 
and 326 of the valve body When assembled. The multiplex 
solenoid valve 206 is mounted into the front face 322 of the 
front half 322 of the valve body 312 in such a manner as to 
selectively direct the ?oW of hydraulic ?uid through internal 
hydraulic passage 202 (FIG. 2) to operate the multiplex 
valve 206 When its solenoid coil 208 is activated by the 
transmission control assembly 88. 

[0071] As best shoWn in FIG. 4, the four shift actuators 
192, 194, 196, and 198 are incorporated into the rear face 
320 of the valve body 312. The valve body is formed With 
a left 330, a center 332, and a right 334 raised portion, as 
illustrated. The raised portions 330, 332, and 334 of the 
valve body 312 include a plurality of actuator bores that 
accept and slidingly retain the actuator pistons 193, 195, 
197, and 199 of the shift actuators. In this manner, the raised 
portions, their respective piston bores, and the actuator 
pistons comprise the shift actuators 192, 194, 196, and 198 
as previously described. More precisely, the left raised 
portion 330 includes actuator piston bores 336 and 338, the 
center raised portion 332 includes actuator piston bores 
340,342,344, and 346, and the right raised portion 334 
includes actuator piston bores 348 and 350. The shift actua 
tor 196 (FIG. 2) includes actuator piston bore 336 of the left 
raised portion in combination With the actuator piston bore 
340 of the center raised portion that slidingly supports 
actuator piston 197. The shift actuator 194 (FIG. 2) includes 
actuator piston bore 338 of the left raised portion in com 
bination With the actuator piston bore 342 of the center 
raised portion that slidingly supports actuator piston 195. 
The shift actuator 198 (FIG. 2) includes actuator piston bore 
344 of the center raised portion in combination With the 
actuator piston bore 348 of the right raised portion that 
slidingly supports actuator piston 199. The shift actuator 192 
(FIG. 2) includes actuator piston bore 346 of the center 
raised portion in combination With the actuator piston bore 
350 of the left raised portion that slidingly supports actuator 
piston 193. The actuator piston bores are in ?uid commu 
nication With the multiplexer valve 204 and their respective 
actuator solenoid valves 182, 184, 186, and 188 as previ 
ously discussed through internal passages Within the valve 
body 312 to cause the actuator pistons to be operatively and 
selectively actuated to the right or to the left as required. 

[0072] As best shoWn in FIG. 5, When the module 310 is 
mounted in the transmission case, the rear face 320 of the 
module 310 is oriented so that it faces the transmission input 
and output shafts (14, 16, 18, and 20 in FIG. 1) With the 
shifter forks 96 extending to engage the synchroniZers 24. 
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The example of the dual clutch transmission 10 discussed 
above further includes a shifter fork support assembly, 
generally indicated at 360. The shifter fork support assembly 
360 includes tWo shifter fork rods 362 and 364 upon Which 
the shifter forks are disposed. When assembled, shifter rod 
362 is retained in the transmission case at both its ends. 
Shifter rod 364 has a proximate end 366 and a distal end 368, 
and is slidingly supported by its proximate end 366 in the 
transmission case (not shoWn). The shifter forks for shift 
actuators 192, 196, and 198 are slidingly disposed on shifter 
rod 362. Shifter forks 97 and 99 each include a support 
sleeve 370 that has a central bore 372 that slidingly support 
the shift forks on the rod 362. 

[0073] Each of the actuator pistons 193, 195, 197, and 199 
discussed above has an annular groove of decreased circum 
ference 376 at a predetermined point along their length. In 
the preferred embodiment, the annular groove 376 is located 
at the midpoint along the length of the piston and is adapted 
to receive and retain a connection tab from a shifter fork so 
that each actuator piston is in mechanical communication 
With a synchroniZer of the transmission. More speci?cally, a 
connecting tab 374 extends from each of the support sleeves 
370 to engage the annular groove 376 (FIG. 4) of the 
respective actuator pistons 197 and 199 to alloW the actuator 
pistons to move the shifter forks along the support rod 362. 

[0074] Shifter fork 93 includes a ?rst support sleeve 378 
With a central bore 380 that is slidingly disposed on rod 362, 
and a second support sleeve 382 With a central bore 384 
slidingly disposed upon rod 364. A support link 386 is 
?xedly disposed betWeen the ?rst and second support 
sleeves 378, 382. A connecting tab 388 extends from the 
second support sleeve 382 to engage a reduced diameter 
central portion 376 (FIG. 4) of the actuator piston 193 to 
alloW the actuator piston to move the shifter fork along the 
support rods 362 and 364. Shifter fork 95 has a support 
sleeve 390 With a central bore 392 that is ?xedly mounted to 
the distal end 368 of support rod 364. Support rod 364 
further includes an engagement sleeve 394 With a central 
bore 396 that is ?xedly mounted to support rod 364 near its 
proximate end 366. A connecting tab 398 extends from the 
engagement sleeve 394 to engage a reduced diameter central 
portion 376 (FIG. 4) of the actuator piston 195. In this 
manner, With the engagement sleeve 390 and shifter fork 95 
?xed to the support rod 364, the actuator piston 195 moves 
the entire support rod 364 as it is slidingly supported by the 
second support sleeve 382 of shifter fork 93 and the trans 
mission case at the proximate end 366. Thus, the module 310 
of the present invention controls the engagement and dis 
engagement of the various gear sets of the transmission. 

[0075] With continuing reference to FIG. 3, and as noted 
above, the present invention also includes a clutch actuation 
control assembly 236 having clutch actuators 240,242 for 
each clutch 32, 34 that are adapted to alloW the selective and 
independent engagement and disengagement of each clutch. 
The clutch actuators 240, 242 are mounted into the front face 
322 of the front half 322 of the valve body 312 (FIG. 3) in 
such a manner as to control the line pressure from internal 
hydraulic line 98 to the individual clutches 32, 34, as 
described above. The self-actuating return valves 262 used 
for damping the output lines 244 and 246 to the clutches are 
mounted Within the front half 322 of the valve body 312 so 
that they are encapsulated by the front and rear halves 322 
and 326 of the valve body When assembled. 
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[0076] As discussed above, the present invention includes 
a clutch cooling ?uid control assembly, generally indicated 
at 108 in FIG. 3 that is adapted to control the cooling ?uid 
provided to the clutches of the transmission. The clutch 
cooling pressure regulator 110 and clutch cooling ?oW 
regulator 150 are mounted Within the front half 322 of the 
valve body 312 (not shoWn), so that they are encapsulated by 
the front and rear halves 322 and 326 of the valve body When 
assembled. The line pressure VBS 130 is mounted into the 
front face 322 of the front half 322 of the valve body 312 in 
such a manner as to selectively and operatively set the 
desired cooling ?uid pressure setpoint for the clutch cooling 
pressure regulator 110. The cooling ?uid VBS 170 is 
mounted in the front face 322 of the front half 322 of the 
valve body 312 in such a manner as to control the delivery 
of cooling ?uid to the clutches 32, 34 through the cooing 
?uid supply line 172 by regulating the cooling ?uid ?oW 
through the clutch cooling ?oW regulator 150. 

[0077] Those having ordinary skill in the art Will appre 
ciate from the discussion above that the choice of mounting 
certain components Within the front half 322 of the valve 
body 312 is a design consideration and that these compo 
nents may be alternately mounted Within the rear half 324 of 
the valve body 312 Without departing from the scope of the 
present invention. Additionally, some portion of these 
above-mentioned components may be mounted in the front 
half While others are mounted in the rear half. Furthermore, 
it is not strictly necessary that the joining of the halves 
provide a sealing encapsulation of these components Within 
the module 310 if their operative control over the ?uid 
communication Within the internal hydraulic passages of the 
valve body 312 is otherWise formed. In other Words, these 
components may also be physically mounted Within either 
half 322 or 324 of the valve body 312 by any of a variety of 
knoWn methods. 

[0078] The integrated shift actuator position sensor assem 
bly of the integrated control module 310 is generally indi 
cated at 400 in FIGS. 4 and 5. The components of the sensor 
assembly 400 are illustrated separately for clarity in FIGS. 
6, 8A, and 8B. Other examples of alternate components that 
may be employed in the sensor assembly 400 are discussed 
beloW With reference to FIGS. 7, and 9A through 11B. The 
sensor assembly 400 includes a plurality of detecting ele 
ments, generally indicated at 402 in FIGS. 6 and 7, and a 
plurality of reference elements, generally indicated at 404 in 
FIGS. 8A and 8B. As shoWn in FIG. 6, in the preferred 
embodiment, the detecting elements 402 are mounted in a 
sensor carrier 406 that is ?xedly mounted on the central 
raised portion 332 of the valve body 312. The sensor carrier 
406 has a main portion 408 that covers the detecting 
elements 402 on the outer face of the central raised portion 
332 and a leg 410 that extends over the side of the central 
raised portion 332 to the transmission control assembly 88. 
The appropriate Wiring from the detecting elements 402 is 
routed through the main portion 408 and leg 410 of the 
sensor carrier 406 such that they are routed to a connection 
block 412, Which provides electrical communication With 
the transmission control assembly 88. 

[0079] The detecting elements 402 are oriented on the 
central raised portion 332 of the valve body 312 so that they 
are near the ends of the shift actuator bores 340, 342, 344, 
and 346. It should be appreciated that the sensor carrier 406 
may be formed of any of a variety of materials and may 



US 2006/0009326 A1 

simply cover and protect the detecting elements 402 after 
they are separately ?xed to the valve body 312, or the 
detecting elements 402 may be molded into the sensor 
carrier 406 before it is af?Xed to the valve body 312. 
Alternately, as shoWn in FIG. 7, the detecting elements 402 
may be affixed to the central raised portion 332 of the valve 
body 312 Without a sensor carrier and may be electrically 
connected to the connection block 412 by a ?at Wire 
arrangement generally indicated at 414. The detecting ele 
ments 402 may be any manner of electro-magnetically 
sensitive devices, such as hall-effect sensors or magneto 
resistive sensors that are capable of detecting a change in 
magnetic ?eld strength. In the preferred embodiment, the 
detecting elements 402 are hall-effect sensors. 

[0080] A number of eXamples of the corresponding refer 
ence elements 404 are illustrated in FIGS. 8A through 11B. 
FIGS. 8A and 8B represent the preferred embodiment, in 
Which a single bi-polar magnetic element is mounted in a 
longitudinal groove 420 formed on the shift actuator piston 
193. In this case, the reference elements 404 are magnetic 
bars mounted longitudinally Within each of the pairs of 
actuator pistons along the length of one of the pair of 
actuator pistons 193. Thus, one of the plurality of detecting 
elements mounted on the central raised portion senses the 
relative position of the reference element 404, thereby the 
relative position of the respective pair of actuator pistons 
and the relative position of the respective synchroniZer can 
be determined. Reference element 404 is formed of any of 
a variety of known materials capable of accepting and 
maintaining a bi-polar magnetic charge. As shoWn in FIG. 
8B, reference element 404 is disposed in a groove or channel 
420 that approaches but does not extend to the ends of the 
respective half of shift actuator piston 193. It should be 
appreciated that it is only necessary to place a reference 
element 404 in the portion of the shift actuator piston that 
slidingly resides in the central raised portion 332 of valve 
body 312. As shoWn, the reference element 404 presents a 
north and a south pole at opposite ends of the half of the 
actuator piston 193. This alloWs the respective detecting 
element 402 mounted on said central raised portion to sense 
the relative position and lateral movement of the actuator 
piston 193 in the piston bore 346. In this Way, the relative 
position of the respective synchroniZer 24 can be deter 
mined. 

[0081] Additionally, the shaft 376 of piston 193 shoWn in 
FIG. 8A includes an ?at portion 422 that cooperates With the 
connecting tab 388 of shifter fork 93. In this manner, as shift 
actuator piston 193 operatively slides back and forth in the 
shift actuator piston bores 346 and 350, the piston, and 
thereby reference element 404, is prevented from rotating in 
the bore and is held in a constant lateral orientation to the 
detecting element 402 mounted on the central raised portion 
332 of the valve body 312. It should be appreciated that the 
structure and relative operation of each of the other shift 
actuator pistons 195, 197, and 199 (not shoWn) is the same 
as described With respect to shift actuator piston 193. In this 
manner, the other detecting elements 402 mounted to the 
central raised portion 332 likeWise detect the movement of 
the their respective transmission synchroniZers as Well. 

[0082] FIGS. 9A and 9B illustrate a similar approach to 
mounting a reference element in the piston. In this case, tWo 
separate smaller magnetic reference elements 404A are 
disposed at the ends of the one half of piston 193A that is 
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slidingly disposed in actuator piston bore 346. As best 
shoWn in FIG. 9B, they are magnetic bars oriented in the 
actuator piston 193A in an opposite manner, such that With 
regard to the detecting element 402, one reference element 
404A provides a north pole and the other reference element 
404A provides a south pole. This alloWs the detecting 
element 402 to sense the lateral movement of the actuator 
piston 193A in the piston bore 346, Which is directly 
indicative of the position the associated transmission syn 
chroniZer 24. 

[0083] Similar to piston 193 illustrated in FIGS. 8A and 
8B, the shaft 376 of piston 193A includes a ?at portion so 
that the connecting tab 388 of the associated shifter fork Will 
maintain a longitudinal orientation to the respective detect 
ing element 402. It should be appreciated that the structure 
and relative operation of each of the other shift actuator 
pistons 195A, 197A, and 199A (not shoWn) is the same as 
described With respect to piston 193A. In this manner, the 
other detecting elements mounted to the central raised 
portion 332 likeWise detect the movement of the their 
respective transmission synchroniZers as Well. 

[0084] FIGS. 10A and 10B illustrate another approach to 
mounting a reference element in the piston 193B. As shoWn 
in the ?gures, the piston 193B includes a receiving bore 426 
formed in one end of one of the pair of piston halves to 
accept a cylindrical magnetic reference element 404B. In 
this case, the reference element 404B has a magnetic north 
pole at one end of the cylindrical form and a south pole at 
the other. The reference element 404B may be formed With 
a center opening 428. Alternatively, the cylindrical magnetic 
reference element 404B may be formed Without a center 
opening. If the cylindrical magnetic reference element 404B 
is formed having a center opening 428, it should be appre 
ciated that the bore of the piston 193B may be formed as a 
fully open bore, or may be formed as a cylindrical annular 
groove that retains a center core, With the reference element 
slidingly ?tted therein. Similarly, if the bore 426 of piston 
193B is fully open and the cylindrical magnetic reference 
element 404B has a center opening 428, then the opening 
may be left open, ?lled With a separate core piece, or ?lled 
With an appropriate potting material. Regardless, When the 
reference element 404B is ?tted into the end of the actuator 
piston 193B a cover plate 430 must be ?tted and sealed to 
provide closed end that Will be acted upon by the supplied 
hydraulic pressure to move the actuator piston 193B in the 
actuator bore 346. 

[0085] As shoWn, the reference element 404B presents a 
north and a south pole at opposite ends of the half of the 
actuator piston 193B. This alloWs the detecting element 402 
to sense the lateral movement of the actuator piston 193B in 
the piston bore 346, Which is directly indicative of the 
position the associated transmission synchroniZer 24. Fur 
thermore, since the cylindrical magnetic reference element 
404B disposed Within actuator piston 193B provides mag 
netic poles fully around each end of the actuator piston half, 
the piston 193B does not have to be held in a particular 
longitudinal orientation. Thus, it is not necessary to use a ?at 
on the shaft 376 of the piston as illustrated in regard to 
FIGS. 8A through 9B. It should be appreciated that the 
structure and relative operation of each of the other shift 
actuator pistons 195B, 197B, and 199B (not shoWn) is the 
same as described With respect to piston 193B. In this 
manner, the other detecting elements mounted to the central 
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raised portion 332 likewise detect the movement of the their 
respective transmission synchroniZers as Well. 

[0086] FIGS. 11A and 11B illustrate another approach to 
mounting a reference element in the piston 193C. As shoWn 
in the ?gures, a pair of annular shaped magnetic reference 
elements 404C are ?xedly mounted in recessed annular 
bores 432 and 434 formed in the respective ends of one half 
of the actuator piston 193C. The reference elements 404C 
are generally ring shaped and have opposite magnetic pole 
con?gurations from their inside diameters to their outside 
diameters. As shoWn, one reference element has a north pole 
magnetically set on its outer diameter With a south pole 
magnetically set at its inner diameter. The other reference 
element has the opposite magnetic orientation. In this man 
ner, the reference elements 404C present a north and a south 
pole at opposite ends of the half of the actuator piston 193C. 

[0087] It should be appreciated that the reference elements 
404C may also be formed as a series of Wedge shaped 
magnetic pieces, or a series of generally cubed magnets 
(similar to reference elements 404A, in FIGS. 8A and 8B) 
and disposed in the recessed annular bores 432 and 434. 
Similar to FIGS. 10A and 10B, a cover plate 436 may be 
employed to seal the reference element(s) 404C to provide 
a closed end that Will be acted upon by the supplied 
hydraulic pressure to move the actuator piston 193C in the 
actuator bore 346. It should be further appreciated that the 
present invention is not limited to the various embodiments 
shoWn in these illustrations in regard to the form of the 
detecting and reference elements. Rather, the present inven 
tion encompasses any reference element that is incorporated 
into the portion of the shift actuator piston that slidingly 
resides in the central raised portion and provides a north 
magnetic pole at one end and a south magnetic pole at the 
other for the detecting element to sense. 

[0088] In addition to monitoring of the shift actuator 
positions, the control of the dual clutch transmission 
requires the monitoring the rotational speed of the tWo input 
shafts 14 and 16 (FIG. 1) during operation. Thus, the 
integrated control module of the present invention also 
includes input shaft speed sensors. In the preferred embodi 
ment, the input shaft speed sensors are illustrated in FIGS. 
4 and 5 at 450 and 452. The input shaft speed sensors 450, 
452 are mounted to the transmission control assembly 88 
and extend outWard toWard their respective input shafts 
When the control module 310 is installed into the transmis 
sion case. 

[0089] In this Way, the module 310 of the present inven 
tion provides integration of the various components neces 
sary to provide all operative control and support of the 
functions of the dual clutch transmission and includes shift 
actuator position sensing that has its sensing elements Well 
removed from the close proximity to, and harsh environment 
of the shafts and synchroniZers of the conventional sensing 
systems. Thus, the present invention overcomes the disad 
vantages of the prior art by providing an integrated trans 
mission control module that has an integrated shift actuator 
position sensor assembly including detecting elements 402 
disposed on the central raised portion 332 of the valve body 
312 that provide sensing of the movements of the shift 
actuator pistons and thereby alloW for a determination of the 
transmission synchroniZer movements and position. In this 
manner, the inef?ciencies and performance losses of the 
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prior art systems, through the use of separate and spaced 
hydraulic and electrical control and support components, 
and their requisite piping and electrical connections, are 
overcome by the present invention. Additionally, the inte 
gration of a combined and centraliZed sensor assembly 
provides greater cost effectiveness and ef?ciency in manu 
facturing and assembly of the dual clutch transmission. 

[0090] The invention has been described in an illustrative 
manner. It is to be understood that the terminology that has 
been used is intended to be in the nature of Words of 
description rather than of limitation. Many modi?cations 
and variations of the invention are possible in light of the 
above teachings. Therefore, Within the scope of the 
appended claims, the invention may be practiced other than 
as speci?cally described. 

1. An integrated control module for a dual clutch trans 
mission having an integrated shift actuator position sensor 
assembly, said module comprising: 

a valve body having an inlet in ?uid communication With 
a source of pressuriZed hydraulic ?uid, a plurality of 
outlets, and a plurality of internal hydraulic passages 
disposed therebetWeen, said valve body further having 
a plurality of raised portions juxtaposed to each other 
With a plurality of shift actuator bores piston bores 
formed therein; 

a plurality of shift actuators that are adapted to operatively 
move the synchroniZers of said transmission to affect 
gear changes, said plurality of shift actuators including 
a plurality of shift actuator pistons slidingly disposed 
Within said shift actuator bores; 

a hydraulic control assembly mounted to said valve body 
that is adapted to operatively control the pressuriZed 
hydraulic ?uid from said inlet through said plurality of 
internal hydraulic passages to said plurality of outlets to 
control the operative hydraulic functions of said trans 
mission; 

a transmission control assembly mounted to said valve 
body in electrical communication With said hydraulic 
control assembly and With a higher level vehicle con 
trol system, said transmission control assembly adapted 
to be operatively responsive to said higher level control 
system to provide the requisite signals to control said 
hydraulic control assembly; and 

a sensor assembly having a plurality of detecting elements 
and a plurality of reference elements, at least one of 
said plurality of detecting elements ?xedly mounted to 
at least one of said plurality of raised portions of said 
valve body and at least one of said plurality of reference 
elements ?xedly mounted to each of said plurality of 
actuator pistons such that said detecting elements can 
sense the movement of said actuator pistons Within said 
actuator piston bores to determine the positions of the 
transmission synchroniZers. 

2. An integrated control module as set forth in claim 1 
Wherein each of said plurality of shift actuators includes a 
pair of said actuator pistons joined together along their 
longitudinal axis by a shaft, each of said plurality of shift 
actuators further including a shifter fork having a connection 
tab, said shifter fork in mechanical communication With a 
synchroniZer of said transmission and said connection tab in 
mechanical communication With said shaft of said pair of 






